Introduction
Biodiversity refers to the variety of life forms that result from the process of organic evolution, at all levels of organization. It may include intra and interspecific genetic variations or the diversity of ecosystems and the physical conditions under which they are found (Wilson 1992 , Gray 1997 , Alho 2008 .
The importance of biodiversity for human life is presently being much discussed, either as a direct provider of natural products or as an indirect maintainer of ecological processes (Alho 2008 , Tundisi & Matsumura-Tundisi 2008 . One activity that benefits directly from biodiversity inventories is fisheries. Fishing stands out among the four largest producers of animal protein for human consumption in Brazil. According to data from FAO, the national production in shrimp fisheries occupied the 14th place in the world from 2000 to 2005 (Gillett 2008), while in 2006 Brazil became one of the six largest nations in terms of volume of shrimp fishery (Gillett 2008) .
The small-scale fisheries of the seabob shrimp Xiphopenaeus kroyeri (Heller, 1862) exert a relevant role in the socioeconomic and cultural context along the coast of the State of Santa Catarina, Brazil. This activity represents a legacy of our Azorean culture, which contributed markedly to the development of the artisanal and industrial fisheries in the State (Branco 2005 . On the other hand, due to the closing of net meshes during trawling, and thus to low selectivity of the fishing gear, a diversity of other organisms is captured incidentally. These organisms, the catch of individuals by fishing gear which is targeting another species (Keunecke et al. 2007) , are known as the bycatch (Slavin 1983 , Alverson et al. 1994 .
This bycatch generally is quite diversified, consisting of fish, crustaceans, mollusks, among other groups. The bycatch is always considerably more abundant than the quantity of the commercial target shrimp (Coelho et al. 1986 , Branco 2005 . Unfortunately, shrimp trawling is undoubtedly the most damaging fishery activity in terms of biomass bycatch, and excessive bycatch discards certainly occur in Brazilian fisheries (Viana & Almeida 2005) . Part of this capture, represented by specimens of economic importance and sufficient commercial size is landed, while another part, frequently the largest fraction, composed of individuals with no commercial value or by commercial specimens of small size, is returned non-living to the sea , Branco 2005 . This fact, allied with overfishing and the pollution of oceans, is being pinpointed as one of the main threats to the biodiversity of the marine environment (Amaral & Jablonski 2005) . As an aggravating factor, tropical shrimp fishery has been found to generate the highest proportion of discard in relation to other fishery activities (Alverson et al.1994) . In Brazil, studies on the biology of discarded species are deficient and scarce (Vianna et al. 2000) . Such studies increase in importance when many fishery resources show signs of depletion (Vianna & Verani 2002) . Vianna & D' Incao (2006) demonstrated that the use of a simple bycatch reduction device grid will greatly reduce the negative impact of this bycatch waste. Other papers (Vianna 2001 , Vianna et al. 2004 , Vianna & Almeida 2005 , Keunecke et al. 2007 ) further study the impact of shrimp fisheries on the bycatch fauna.
Notwithstanding these threats, little is known about marine biodiversity (Hendrickx et al. 2002 , Amaral & Jablonski 2005 , Severino-Rodrigues et al. 2007 , Perez 2009 ), especially regarding shrimp fisheries , Pinheiro & Martins 2009 . Bycatch is considered in Vianna (2001) , Vianna et al. (2004) , Keunecke et al. (2007) and Vianna & Almeida (2009) . Yet most papers in our country deal only with a few individual groups, such as the ichthyofauna of Pernambuco and Alagoas , Santos 2000 , Tischer & Santos 2001 , Sã o Paulo , Coelho et al. 1986 , Paiva-Filho & Schmiegelow 1986 ), Paraná (Gomes & Chaves 2006 , Schwarz Jr et al. 2007 ), Santa Catarina , Bernardes Jr et al. 2011 Freitas et al. 2011) , or the carcinofauna inventoried by , Robert et al. (2007) and Branco & Fracasso (2004) , respectively, in Sã o Paulo, Paraná and Santa Catarina.
In Santa Catarina, the analysis of the rejected bycatch is still deficient. This paper thus aims to characterize for the first time the species composition associated with the seabob shrimp fisheries, in six municipalities of the State, as a subsidy for evaluating the impact of this fishing gear in the coastal environment.
Material and methods
The present study was conducted along the coast of the State of Santa Catarina, southern Brazil, in the main fishing areas of the seabob shrimp, between the coordinates of 26°24' -27°53' S and 48°33' -48°38' W, covering the municipalities of Barra do Sul, Penha, Itajaí, Porto Belo, Tijucas, and Palhoc¸a (Fig. 1, Table 1 ).
In each locality three trawls per month were made, in traditional fishing sites, with a mean duration of one hour, in depths varying from 5 to 30 m, from 1996 to 2011. For the capture of specimens, a vessel was equipped with two doublerigged trawl nets, with net meshes of 3.0 cm at net entrance and 2.0 cm in the collecting sac, and trawled at a mean speed of two knots (Branco 2005) . The contents of each trawling were conditioned, tagged and maintained in isoprene boxes with ice.
In the lab, identification of the components of the fauna was made with specialized references for each group. Families were listed in conventional taxonomical order, species in alphabetical order. Species were grouped as very frequent (VF), when occurring in more than 70% of the samples; frequent (F), when abundance is from 40% to 69,9% of the samples; little frequent (LF), when abundance is between 20% and 39,9%; and occasional (O), when occurring in less than 19,9% of the samples .
Results
During the study period a total of 216 species were identified in the artisanal fisheries for the seabob shrimp along the coast of the State of Santa Catarina, belonging to 105 families, among cnidarians, mollusks, crustaceans, echinoderms and fishes (Tables 2 to 6 ). Cnidarians were represented by seven species, in seven genera and families, belonging to the classes Anthozoa, Hydrozoa, Cubozoa, and Scyphozoa. The anemone Bunodosoma caissarum and the medusa Chiropsalmus quadrumanus were considered very frequent or frequent in all sampled areas, while the penatulacean Renilla muelleri and the medusae Chrysaora lactea and Olindias sambaquiensis occurred occasionally (Table 2) . Rhacostoma atlanticum and Lychnorhiza lucerna were frequent in the six regions, except in Tijucas, where L. lucerna was recorded with low frequency (Table 2) .
Mollusks participated with 22 species, 21 genera and 19 families, distributed among Gastropoda, Bivalva and Cephalopoda (Table 3) . Gastropods contributed with the largest number of families and species, of which 11 species occurred occasionally, while Buccinanops gradatum was very frequent in most sampled regions (10 were recorded in Table 3 ), followed by Olivancillaria urceus. The only captured polyplacophoran, Chaetopleura angulata, appeared occasionally (Table 3) .
Six species of Bivalvia were recorded only in the region of Penha, occurring occasionally in samples (Table 3) . Of the four Cephalopoda, the squid Lolliguncula brevis was very frequent (except in Itajaí), Loligo plei and Loligo sanpaulensis were frequent in Tijucas and Porto Belo, very frequent in Palhoc¸a and occasional/little frequent in the remaining areas. Octopus vulgaris appeared occasionally in most areas, except in Itajaí and Tijucas (Table 3) .
Among crustaceans, 42 species were identified (including the seabob shrimp), distributed into 33 genera and 17 families. Stomatopoda were represented by one family (Squillidae) and species (Squilla empusa), occurring little frequently or occasionally in trawls (Table 4) . Decapoda contributed with a larger number of species. Portunidae with 9 species, Callinectes danae and C. ornatus being the most frequent, followed by Xanthidae and Penaeidae, both with six species (Table 4) .
Hepatus pudibundus was the most frequent crab in captures, while Leucosiidae, Majidae and Parthenopidae oscillated between little frequent and occasional in the fishing areas (Table 4) .
Among the Xanthidae, all species were occasional, while Penaeidae, represented by the marine shrimps of commercial value, had only the seabob shrimp (Xiphopenaeus kroyeri) as very frequent, followed by Artemesia longinaris, frequent in all localities (Table 4 ). The pink-shrimp (Farfantepenaeus brasiliensis and F. paulensis) and the white shrimp (Litopenaeus schmitti) alternated between little frequent and occasional in most sampled localities, except in Itajaí, where L. schmitti was frequent and in Palhoc¸a, where F. brasiliensis was frequent (Table 4) . The solenocerid Pleoticus muelleri, has commercial importance in Santa Catarina, being frequent from Barra do Sul to Tijucas and very frequent in Porto Belo and Palhoc¸a (Table 4 ). In the latter location, this species, together with Artemesia longinaris, contributed with the largest abundances, superseding the target species of shrimp. The shrimp Acetes americanus (Sergestidae) also had high frequency in captures, alternating between frequent and very frequent (Table 4) .
Among hermit crabs (here represented by families Diogenidae and Paguridae), only Dardanus insignis had a high frequency of occurrence, being very frequent in Barra do Sul -Penha and frequent in the remaining localities. The remaining species have occasional or little frequent occurrences (Table 4 ). The crab-like Porcellana sayana was the most frequent anomuran in captures (Table 4) .
The echinoderms were represented by 11 species, distributed in nine genera and families, among Asteroidea, Echinoidea and Ophiuroidea, where the first contributed with the largest number of families and species, with special mention of the sea-star Astropecten marginatus. Although this latter 
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species is considered threatened, it was found very frequently in most sampled localities (Table 5 ). The remaining species of Asteroidea occurred occasionally or with little frequency, such as Luidia senegalensis (Table 5) . Among the Echinoidea, Arbacia lixula, Lytechinus variegatus and Mellita quinquiesperforata were registered occasionally in Penha and Porto Belo, and frequently (M. quinquiesperforata), or little frequently (L. variegatus) in Palhoc¸a (Table 5) . Ophiuroidea, with Micropholis atra and Hemipholis elongata, were of occasional occurrences in Penha, Barra do Sul and Palhoc¸a (Table 5) .
Of all the faunistic groups captured with the seabob shrimp, the ichthyofauna presented the largest number of families and species, being represented by 134 species, distributed in 53 families. Ten were elasmobranchs and 124 were bony fishes (Table 6 ). Elasmobranchs had a small presence in the trawls, occurring occasionally in samples, with the exception of the rays Zapteryx brevirostris and Atlantoroja cyclophora, frequent in the fisheries at Porto Belo (Table 6 ).
The 124 species of bony fish are distributed into 92 genera and 48 families, the occasional and little frequent species dominating the captures (Table 6 ). Sciaenidae contributed with most species, with high frequencies of occurrence, mainly Paralonchurus brasiliensis, Stellifer brasiliensis and S. rastrifer, which were very frequent in all sampled areas. They were followed by Isopisthus parvipinnis, Menticirrhus americanus, Stellifer stellifer and Larimus breviceps, which oscillated from frequent to very frequent (except for Tijucas and Palhoc¸a) ( Table 6 ). Micropogonias furnieri presented high frequency in Itajaí and Porto Belo, Cynoscion jamaicensis and Cynoscion guatacupa in Porto Belo and Palhoc¸a, respectively, and Ctenosciaena gracilicirrhus in Penha.
The Sciaenidae presented the highest specific diversity, 16 species recorded, followed by 12 species of Carangidae and 
of Paralichthyidae (Table 6 ). In Carangidae, the Atlantic bumper Chloroscombrus chrysurus and the Atlantic moonfish Selene setapinis were the most frequent in trawls. In Paralichthyidae, the flatfish Citharichthys spilopterus and Etropus crossotus, as well as Syacium micrurrum and Syacium papillosum, predominated, the latter being frequent only in the region of Barra do Sul (Table 6) . Nineteen other species of fishes along the areas of artisanal fisheries of Santa Catarina present high frequencies (Table 6 ).
Discussion
A sustainable use of marine resources cannot be properly established without a proper dimensioning of the marine biodiversity. Knowledge and monitoring of biodiversity of an ecosystem permit not only predictions of natural effects, but also of human influences that may affect the equilibrium and distribution of species (Hendrickx et al. 2002 , Lanari & Coutinho Jr 2010 .
In the present study, the richness of the seabob fishing area is represented by 216 species. Of these, only 31 (four cnidarians, three mollusks, nine crustaceans, one echinoderm and 14 fish) occurred frequently throughout captures, and may be characterized as typical of the bycatch and sharing the same environment used by the seabob shrimp.
Bycatch studies of the seabob shrimp artisanal fisheries in São Paulo and of two fishing areas in Espírito Santo (Pinheiro & Martins 2009), identified 83 and 77 species, respectively, a smaller number than that obtained for the littoral zone of Santa Catarina. Environmental heterogeneity and differences in sampling efforts and methods, including the long temporal span in the present study, may have contributed to the larger number of species obtained herein.
Macromedusae are organisms of great ecological, medical and economic importance (Morandini et al. 2005) , having a relevant role in marine food chains, when competing for food or predating eggs and larvae of commercial species (Purcell & Arai 2001 ). Furthermore, they may interfere negatively in fishing activities (Nagata et al. 2009), and may cause serious accidents to swimmers and divers (Haddad Jr et al. 2002) . The species Rhacostoma atlantica and Lychnorhiza lucerna were frequent in our samples. The latter species has often been associated with losses in trawling activities (Nagata et al. 2009 ). It is considered to load nets, making them heavier, inducing higher fuel consumption, and obliging fishermen to utilize other regions, as well as reducing the time of trawling and the capture of shrimp. Although very frequent in trawls, Chiropsalmus quadrumanus contributed with a small number of specimens, but has been associated with several accidents with fisherman, producing cases of highly painful burning (Haddad Jr et al. 2002 , Nagata et al. 2009 ).
The region of Armac¸ã o do Itapocoroy (Penha) presented the largest richness of molluscs, represented mainly by living gastropods and bivalves, which were common in samples of 1996 and 1997, when trawlings were frequently conducted over bottoms covered with shells and biodetritus. Generally, the gastropods Buccinanops gradatum and Olivancillaria urceus contributed with the largest observed abundances in trawls, similarly to that recorded for the coast of Sã o Paulo . The shells of B. gradatum and O. urceus are frequently occupied by the hermit crab Loxopagurus loxochelis along the coast of Brazil and Argentina (Biagi et al. 2006) , as well as by epibiontic organisms such as anthozoans and bryozoans (Ayres-Peres & Mantelatto 2010), having an important role in the ecology of benthic communities. In the sampled areas along Santa Catarina, the hermit crabs Dardanus insignis and Loxopagurus loxochelis commonly occupied the shells of these two gastropods, which were also associated with the epibiont anemone Bunodosoma caissarum.
The squids Lolliguncula brevis, Loligo sanpaulensis and L. plei was also observed to have high frequencies of occurrence, particularly Lolliguncula brevis, a small, euryhaline coastal species, which is abundant in bays and estuaries (Coelho et al. 2010) , although with small numerical representation in the fisheries of the seabob shrimp.
The presence of decapod crustaceans in the composition of the associate fauna is high, largely superseding the observed biomass of shrimp in conditions of being commercialized (Coelho et al. 1986 ). Decapods are one of the main groups identified in the bycatch of the seabob shrimp, being only superseded by fish , Gomes & Chaves 2006 , Bernardes Jr et al. 2011 , Freitas et al. 2011 . In the region of Santa Catarina, families Penaeidae and Portunidae contributed with the highest observed abundances, biomasses and frequencies in the bycatch of the seabob shrimp, which has also been observed along the Brazilian littoral zone (Sampaio & Fausto-Filho 1984 , Branco & Lunardon-Branco 1993 , Mantelatto & Fransozo 2000 , Branco & Fracasso 2004 . Among the shrimps of commercial importance, the Argentine stiletto shrimp Artemesia longinaris and the Argentine red shrimp Pleoticus muelleri, occur frequently or very frequently in samples, sharing the same environment as the seabob shrimp, as also found by along the coast of Sã o Paulo. However, according to and , these two species occurred in higher abundances in deeper and more saline regions than those inhabited by the seabob shrimp. In interviews with artisanal fishermen from Itajaí (non-published data), we verified that along the year the seabob fishery vessels progress to deeper waters between 20-25 m in the months from September to November. They pursued the Argentine red shrimp, when the profitability of X. kroyeri became unsatisfactory, due to low abundances of this resource (Branco 2005) . Acetes americanus and Sicyonia dorsalis were the most frequent shrimp species without commercial value, as also observed by . For Brachyura, the blue-crabs Callinectes ornatus and C. danae are well represented in the economy and feeding of the riverside populations of Santa Catarina (Branco & Masunari 2000) . The fishery of swimming crabs represents one of the oldest activities along the Brazilian littoral zone, presently supporting several communities that live from their commercialization (Barreto et al. 2006) .
The Echinodermata are important in benthic communities, occupying diverse ecological niches. Nineteen species belonging to the classes Asteroidea, Echinoidea and Holothuroidea have been included in a list of threatened species along the Brazilian coast (MMA 2014 , Amaral & Jablonski 2005 , Barros Lima & Fernandes 2009 ). Six of these species, Astropecten marginatus, Astropecten brasiliensis, Luidia clathrata, Luidia senegalensis, Asterina stellifera, and Echinaster brasiliensis were collected in the present study. Only A. marginatus was captured very frequently in trawls, indicating that artisanal fishing may be exerting pressure on the population of this species, contributing to its present extinction status.
As in other fishing regions in the Atlantic, fishes represented the main component of the bycatch of the seabob shrimp fisheries (Pinheiro & Martins 2009 , Paiva-Filho & Schmiegelow 1986 , Gomes & Chaves 2006 , Schwarz Jr et al. 2007 , Freitas et al. 2011 . Of the fish species captured along the coast of Santa Catarina, elasmobranchs contribute a small percentage of individuals, most being occasional in samples. Young elasmobranchs captured by artisanal fishing are infrequent in our sampling. This may be due to the fact that most species evade the nets due to the low power of many fishing vessels in the area. Notwithstanding, even occasional trappings may significantly affect the recruitment capacity of species (Costa & Chaves 2006) . Considering the sharing of fishing areas by artisanal communities, and the performance of the industrial fleet, the presence of young individuals of Rhinobatos horkelii and Squatina guggenheim, threatened with extinction (MMA 2014), remains a worrying aspect for the conservation of the populations belonging to these species. The application of regulating acts becomes urgent for the management of the fishing activities considered herein.
Among bony fish, the Sciaenidae were most representative in number, biomass, frequency of occurrence and diversity of species, a fact observed also in other localities of the Atlantic Ocean, both in the south (Branco 2005 , Giannini & Paiva-Filho 1990 , and in North America and the Gulf of Mexico (Pellegrin Jr 1983). According to Souza et al. (2008) , it is possible that the Sciaenidae seek the same depths and areas with muddy or sandy sediments as the seabob shrimp. It may also be possible that this co-occurrence is a feeding requirement, considering the several species of shrimp found in their stomachs. The predation of shrimps by the Sciaenidae, particularly of their larval stages, may attain intensities up to three times the depletion rate exerted by the fishing fleet (Dall et al. 1990 ). The dominance of sciaenid species represents a key character, determining the structure of the local ichthyofaunal community. Their absence would result in a substantially different fish fauna (Freitas et al. 2011) .
The occurrence of the flatfish Cyclopsetta chittendeni in the present study suggests an extension of its distributional range, which was previously known only to reach Guarujá , State of Sã o Paulo, southeastern Brazil. The capture of three specimens of Cyclopsetta decussata represents the first record of the species for the Brazilian coast, a single specimen having been found previously only in the Gulf of Mexico (Gunter 1946). These two new occurrences reinforce the importance of continuing faunistic inventories for the knowledge and conservation of the biodiversity of the Brazilian coast. The king weakfish Macrodon ancylodon was revised by CarvalhoFilho et al. (2010) . Macrodon atricauda remains valid for specimens captured in the southeast-south regions.
Thirty-one species sharing the same habitat as the seabob shrimp in Santa Catarina are mostly discarded by the artisanal fishing communities. This represents both an environmental loss, because they represent key species in the community structure, and an economic loss, because some species have potential commercial value, but are not exploited due to their small size, making their conservation on board and their future processing impractical.
Bycatch is one of the most pressing and controversial aspects of shrimp fishing. Much of the management attention associated with shrimp fisheries is focused on reducing it. Bycatch management is defined as intervention to reduce or make better use of bycatch, in order to reduce waste and threats to vulnerable and endangered species (Gillett 2008) .
Alternatives for the problem of the accidental capture of the bycatch have been largely discussed worldwide, with positive results obtained from the development of Bycatch Reduction Devices -BRDs (Hannah & Jones 2000 , Broadhurst 2000 , Pascoe & Revill 2004 , Eayrs 2007 . Techniques to reduce bycatch levels include: 1) traditional net selectivity; 2) fishing gear development; 3) trying to take advantage of differential species behavior; and 4) time/area restrictions. Emerging ideas include:1) effort reduction; 2) incentive programs; and 3) moving the responsibility for bycatch reduction to the individual vessel level (Alverson et al. 1994) . Complementary strategies are the creation of exclusive fishing zones, in which actions aim to ensure minimum pools of species that may recolonize adjacent areas to those subject to fishing activities. In this way, more successful conservation of species is attempted. Despite existing enforced law and several protected areas in Brazil, conservation of marine biodiversity is still broadly inadequate (Amaral & Jablonsky 2005) . Protection areas are still insufficient considering the large extent of the Brazilian coastal zone.
Bycatch is one of the most pressing and controversial aspects of shrimp fishing. Much of the management attention associated with shrimp fisheries is focused on reducing it. Conservation actions aim to ensure minimum pools of species that may recolonize areas adjacent to those subject to fishing activities. In this way, more successful conservation of species is attempted. Despite existing enforced law and several protected areas in Brazil, conservation of marine biodiversity is still broadly inadequate in our country.
In the State of Santa Catarina, small-scale shrimp fisheries is a traditional activity and dominates the local fishing economy. By inventorying the accidental bycatch, we provide a preliminary step towards defining intervention measures to reduce or make better use of this bycatch in seabob artisanal fisheries. We have attempted to identify additional threats to vulnerable and endangered species resulting from shrimp trawling.
